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ABSTRACT A glycoprotein, termed amphiregulin (AR),
inhibits growth of several human carcinoma cells in culture and
stimulates proliferation of human fibroblasts and certain other
tumor cells. It has been purified to apparent homogeneity from
serum-free conditioned medium of MCF-7 human breast
carcinoma cells that had been treated with phorbol 12-myris-
tate 13-acetate. AR is, a single-chain extremely hydrophilic
glycoprotein containing cysteines in disulfide linkage(s) that are
essential for biological activity; it is stable between pH 2 and pH
12 and after heating for 30 min at 560C but unstable at 1OOC.
The apparent molecular weights of AR and N-Glycanase-
treated AR are 14,000 and 15,000, respectively, as assessed by
gel chromatography, and 22,500 and %14,000, respectively,
as determined by polyacrylamide gel electrophoresis. Treat-
ment ofAR with N-Glycanase, O-Glycanase, or neuraminidase
does not affect its activity. The pI of AR is =7.8. The amino-
terminal amino acid sequence ofAR has been determined, and
no significant sequence homology between AR and other
proteins was found. The molecule thus appears to be a distinct
growth regulatory protein.

Cellular growth and differentiation appear to be initiated,
promoted, maintained, and regulated by a multiplicity of
stimulatory, inhibitory, and synergistic factors and hor-
mones. The alteration and/or breakdown of the cellular
homeostasis mechanism is a fundamental cause of growth-
related diseases including neoplasia (1-11). Physiological
regulators of cell growth and differentiation, such as peptide
growth factors (2, 4, 10, 11), hematopoietic regulatory pro-
teins (5, 12-14), tumor necrosis factor types a and ,3 (8, 9),
interferons (15), tumor inhibitory factor types 1 and 2 (16, 17),
oncostatin M (18), leukoregulin (19), and other less well-
defined factors (20-22) can inhibit the proliferation of certain
tumor cells, alter the tumor-cell phenotypes, and induce or
modulate cell differentiation in vitro and in vivo. Further-
more, most of these regulatory factors elicit multiple biolog-
ical effects that depend on the target cells and assay condi-
tions (23). Biologically active phorbol esters, such as phorbol
12-myristate 13-acetate (PMA), are potent tumor-promoters
in vivo, and they elicit and modulate a wide variety of
biological and biochemical responses in vivo as well as in
vitro (24-26). It has been known for some time that PMA
inhibits the growth ofhuman breast adenocarcinoma cell line
MCF-7 (27). In addition, PMA also alters the morphology of
MCF-7 cells and PMA-treated cells exhibit the morphological
characteristics of secretory cells (27, 28). We have thus
undertaken studies aimed at isolating and characterizing
growth modulatory factors produced by MCF-7 cells in
response to PMA treatment. Here we report that PMA-
treated MCF-7 cells release a glycoprotein that inhibits the

growth of several human carcinoma cell lines but augments
the growth of normal human fibroblasts and some other cell
lines.

MATERIALS AND METHODS
Cell Lines. All cell lines used were obtained from the

American Type Culture Collection or from our own cell bank.
Human forearm fibroblast lines (SS and WHG) were pro-
vided by M. A. Bean (Virginia Mason Research Center,
Seattle). Cells were maintained in standard medium [Dul-
becco's modified Eagle's medium (DMEM), RPMI 1640, or
50% (vol/vol) DMEM and 50% (vol/vol) Iscove's modified
Dulbecco's medium (IMDM)] supplemented with 5-15%
(vol/vol) heat-inactivated fetal bovine serum, L-glutamine,
penicillin (60.6 Jug/ml), and streptomycin (100 ,ug/ml).
Growth Modulatory Assay with ',I-Labeled Deoxyuridine

Incorporation into DNA. The assays were performed in
96-well flat-bottomed plates (Falcon, catalog number 3072).
Human epidermoid carcinoma of the vulva cells (A431) were
used as test cells for growth inhibitory activity (GIA) and
human forearm fibroblasts (SS) were used as indicator cells
for growth stimulatory activity. A total of 3.5 x 104 cells in
50 tkl of DMEM, supplemented with 5% (vol/vol) heat-
inactivated fetal bovine serum, penicillin (60.6 pug/ml), strep-
tomycin (100 tug/ml), and glutamine (test medium), was
placed in all wells except peripheral wells. Three hours later,
50 jal of the test sample in test medium was added to each
well; control wells received only 50 ,il of test medium. Three
wells were used for each concentration of test sample. Plates
were incubated at 370C for 2-3 days. After this, 100 t1d of
solution of 125I-labeled deoxyuridine (Amersham) [4 Ci/mg;
0.5 Ci/ml (2 ,ul/ml in test medium); 1 Ci = 37 GBq] was added
to each well and plates were incubated at 370C. After 4-6 hr,
samples were processed as described by Iwata et al. (16).

Production of Crude Amphiregulin (AR). MCF-7 cells were
cultured in T150 Coming tissue culture flasks in a total
volume of 25 ml of 50% IMDM/50% DMEM containing
insulin (0.6 Ag/ml) and 15% (vol/vol) heat-inactivated fetal
bovine serum (complete medium). On day 6, all medium was
removed and 20 ml of fresh MCF-7 complete medium
containing PMA (100 ng/ml) was added to each flask.
Forty-eight hours later, the medium was removed and each
flask was rinsed with 15 ml of 50% IMDM/50% DMEM
(serum-free medium) and 25 ml of fresh serum-free medium
was added to each flask and incubated at 370C with an
atmosphere of 5% C02/95% air. Four days later, the condi-
tioned serum-free medium was collected, centrifuged to
remove debris, and stored at - 200C. Flasks were again fed
with 25 ml of serum-free medium and conditioned serum-free

Abbreviations: PMA, phorbol 12-myristate 13-acetate; GIA, growth
inhibitory activity; F3CCOOH, trifluoroacetic acid; AR, amphiregu-
lin; rp, reverse phase; SPE-AR, S-pyridylethylated AR.
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medium was collected every third or fourth day. An aliquot
of the conditioned medium from each collection was assayed
for GIA. Usually, three to four rounds of conditioned
medium were collected from each batch of PMA-treated
MCF-7 cells.
About 4.5 liters of conditioned medium was thawed and

centrifuged at 4TC for 15 min at 3500 rpm in a TYJS 4.2 rotor.
The supernatant was concentrated in an Amicon 2-liter
concentrator with a YM10 membrane (Amicon) at 40C. When
the volume of retenate became about 200 ml, 1 liter of cold
Milli-Q-purified water was added and the mixture was re-
concentrated to 200 ml.
The concentrate was removed and transferred to a pre-

cooled 250-ml Coming centrifuge bottle. Concentrated acetic
acid was slowly added with stirring to a final concentration of
1 M acetic acid. The mixture was allowed to stand for 1 hr at
40C and centrifuged for 20 min at 40,000 x g at 40C. The
supernatant was removed and dialyzed in Spectrapore dial-
ysis tubing (number 3, molecular weight cutoff =3000)
against 17 liters of 0.1 M acetic acid. The dialysis buffer was
changed three times over a 2-day period. The retenate was
Iyophilized. The dry material was removed, pooled, weighed,
and stored at - 20'C. We call this material crude powder.

Purification ofAR. Crude powder (950 mg from =9 liters of
serum-free conditioned medium) was suspended in 300 ml of
0.1% trifluoroacetic acid (F3CCOOH) and centrifuged for 20
min at 7000 x g. The supernatant was carefully removed and
applied on a column ofpreparative C18 (2.54 cm x 27 cm; 55-
105 gm; Waters Division of Millipore) equilibrated with 0.1%
F3CCOOH in water. The flow rate was 4 ml/min and the
chromatography was carried out at room temperature. The
column was washed with 650 ml of 0.1% F3CCOOH in water.
The flow through and wash were collected together. About
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77% of total GIA activity appeared in the flow through and
wash.
The flow-through and wash fraction were injected isocra-

tically onto a preparative Partisil 10 ODS-3 column (10 ,um,
2.2 x 50 cm, Whatman) attached to a HPLC system (Waters
Division of Millipore). The flow rate was set at 4 ml/min.
Once the sample had passed on to the column, the column
was washed with 250 ml of 0.1% F3CCOOH in water. The
linear gradient was used between the primary solvent, 0.1%
F3CCOOH in water, and the secondary solvent MeCN
containing 0.1% F3CCOOH. The gradient conditions were as
follows: 0-15% MeCN in 10 min, 15-15% MeCN in 30 min,
15-25% MeCN in 150 min, 25-65% MeCN in 100 min, and
65-100%o MeCN in 10 min. Fractions of 14 ml were collected
and aliquots of each fraction were assayed for GIA. Two
broad peaks of activity were seen (Fig. LA). The early peak
(eluting between 20%o and 23% MeCN) was further purified
and characterized.

Fractions 47-62 were pooled and to that was added 224 ml
of 0.1% F3CCOOH in water. The mixture was isocratically
injected onto a semipreparative A-Bondapak-C18 column (7.8
x 300 mm, Waters Division of Millipore). The linear gradient
conditions were 0-17% acetonitrile in 10 min, 17-17% ace-
tonitrile in 30 min, 17-25% acetonitrile in 320 min, and 25-
100% acetonitrile in 40 min. The flow rate was 1 ml/min
during the gradient and 4-ml fractions were collected. Two
major peaks of activity were observed, eluting at acetonitrile
concentrations of ==20% and =21%, respectively (Fig. IB).

Fractions 49-53 were pooled and 20 ml of 0.1% F3CCOOH
was then added to the pooled fraction. The mixture was
applied onto an analytical ,t-Bondapak C18 column (3.9 x 300
mm, Waters Division of Millipore). The gradient conditions
were 0-18% acetonitrile in 10 min, 18-18% acetonitrile in 30
min, 18-25% acetonitrile in 280 min, and 25-100% acetoni-
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FIG. 1. Purification ofAR by reverse-phase (rp) HPLC. (A) Preparative rpHPLC of break through and wash. (B) Semipreparative rpHPLC
of pooled fraction 47-62 from A. (C) Analytical rpHPLC of pool I from B. (D) Analytical rpHPLC of pool II from B.
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trile in 20 min. The flow rate was 0.4 ml/min and 2-ml
fractions were collected. Most of the activity emerged from
the column at -21.5% acetonitrile concentration (Fig. 1C).
Fractions 54-59 (Fig. 1B) were pooled and chromatographed
exactly as described above in Fig. 1C. Most of the activity
was eluted from the column at an acetonitrile concentration
of =22.2% (Fig. 1D).

Fractions 35-38 (Fig. 1C) were individually concentrated
to =70 ,ul to which was added an equal volume of acetonitrile
containing 0.1% F3CCOOH. This 140-,ul sample was injected
onto two Bio-Sil TSK-250 columns (7.5 x 300mm each, Bio-
Rad) arranged in tandem. The elution was performed isocra-
tically with a mobile phase of 50% (vol/vol) MeCN in H20
with 0.1% F3CCOOH at room temperature. The flow rate
was 0.4 ml/min, 0.4-ml fractions were collected, and aliquots
were assayed for GIA. Chromatographic profiles offractions
35, 36, and 37 (Fig. 1C) are shown in Fig. 2 A-C, respectively.

Fractions 41 and 42 (Fig. 1D) were pooled, concentrated to
70 Al, and then subjected to gel chromatography as described
above. The chromatographic profile is given in Fig. 2D.
NaDodSO4/Polyacrylamide Gel Electrophoresis. Proteins

were analyzed on NaDodSO4/polyacrylamide slab gels [nor-
mal or mini Bio-Rad system by the method of Laemmli (29)].
Proteins were detected by silver staining (30).
Amino Acid Sequence Determination. For amino-terminal

sequence analysis, AR was reduced with 2-mercaptoethanol
and alkylated with 4-vinylpyridine. S-pyridylethylated AR
(SPE-AR) was purified by rpHPLC with a ,uBondapak C18
column. Peptide sequences were determined with an Applied
Biosystems (Foster City, CA) model 475A gas-phase se-
quencer by the method ofHewick et al. (31). Three precycles
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Retention Time (min)

FIG. 2. Gel chromatographies of fractions from Fig. 1 C and D
on Bio-Sil TSK 250 columns. (A) HPLC of concentrated fraction 35
(Fig. 1C). (B) HPLC ofconcentrated fraction 36 (Fig. 1C). (C) HPLC
of concentrated fraction 37 (Fig. 1C). (D) HPLC of concentrated
fractions 41 and 42 (Fig. 1D).

of Edman degradation were performed prior to sample
application. Identification of phenylthiohydantoin amino
acid derivatives was carried out, on-line, on a model 120A
phenylthiohydantoin analyzer (Applied Biosystems) by the
method of Hunkapiller and Hood (32).

RESULTS AND DISCUSSION
Production of AR by PMA-Treated MCF-7 Cells. MCF-7

cells grown on a plastic substratum exhibit epitheloid fea-
tures: cells are small and polygonal in shape. PMA induces
dramatic morphological changes in a dose-dependent man-
ner. After PMA treatment, MCF-7 cells lose their well-
defined morphology, become rounded, and spread out. PMA
elicits a dose-dependent reduction in cell number and an
increase in cell volume compared to untreated cells.

Serum-free conditioned medium from MCF-7 cells did not
contain any detectable growth inhibitory activity for A431
cells. However, serum-free media collected from MCF-7
cells treated with PMA for 2-3 days were found to inhibit the
proliferation of A431 epidermoid carcinoma cells. The opti-
mum induction of inhibitory activity was observed at PMA
concentrations between 25 and 100 ng/ml. Even after remov-
ing PMA, PMA-treated MCF-7 cells released this activity in
serum-free medium for at least 8 days. Although a reduction
in growth inhibitory activity was noticed with time afterPMA
removal, these results indicate that AR is either induced or
increased in expression in MCF-7 cells that have been treated
with PMA.

Initial Characterization of AR. The GIA was resistant to
treatment with 1 M acetic acid, 1 M ammonium hydroxide, 6
M urea, 0.01 M sodium metaperiodate, to heating at 560C for
30 min, and to treatments with neuraminidase, N-Glycanase,
O-Glycanase, lipase, or phospholipase A2, C, or D. How-
ever, activity was sensitive to heating at 100'C for 10 min, to
reduction, to reduction and 4-vinylpyridine treatment, and to
digestion with proteinases such as trypsin, endoproteinase
Lys-C, endoproteinase Arg-N, and endoproteinase Glu-C
(V-8). These results suggest that AR is a protein containing
cysteines in disulfide linkage(s) that are essential for its
biological activity. This protein may contain oligosaccharides
and/or lipid moieties that are not obligatory for the biological
activity.

Purification of AR and Certain Physical Properties. A
summary of AR purification is presented in Table 1. A
1842-fold purification with 5.1% yield has been achieved for

Table 1. Summary of purification of AR (GIA)
Specific activity,

Protein, GIA units,* units/mg, Yield,
Fraction ,g no. x 1O-3 no. x 1O-3 %

Crude 916,600 1363t 1.49 100
Prep. C18 532,000 1052t 1.98 77.2
Prep. ODS 2,281 286 125 21.0
Semiprep.

C18-I 339 97 286 7.1
C18-II 235 92 391 6.7

Anal. C18-I 242 50 206 3.7
Anal. C18-II 173 46 265 3.4
TSK 250-I 25.5 70 2740 5.1

-I-A 6.6 15 2270 1.1
-I-B 11.4 33 2890 2.4
-I-C 7.5 22 2930 1.6

TSK 250-II 6.8 23 3380 1.7
Prep., preparatory; anal., analytical.

*One unit of GIA is the amount of factor required to inhibit
'25I-labeled deoxyuridine incorporation into A431 cells by 50%.

tOther growth inhibitory activities are present in these fractions.
These values include all activities.
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TSK 250-I fiactio and a 2Z7fol pufi n wh 1.7%
yield has been obtained forTSK 250-il fimse 1nuetod
is The specific activity of e AR was 2.7-
3.4 x 106 units/mg of protein. The mlcar weight ofAR
and SPE-AR, determined by d chr a on a TSK-
250 column, was =14,000 and f 17,l00, rctivey.

Fig. 3 shows an analysis ofAR, N-Glycanase-4reated AR,
SPE-AR, and N-Glycanasetreated SPEAR in a 15% poly-
acrylamide gel under reucing colitins. AR and SPAR
migrated in the gel as a , i single baud with a
median relative olecular weght of 22,5W and a -rnge of
20,000-25,000 (lanes 1 and 3). The t m t of AR ad
SPE-AR with N-Glycanase resulted nthe fister '-gratinof
the teins. N-Glyanase-trated AR and N-Glyame-
tleated SPE-AR migrated as single bands with media mo-
lecularweightsof14,000 and 14,500, r ively (lanes2and
4). Similar results were observed when prois wer elec-
trophoresed in a 15% gel undermwdc nnditions (data
not shown). The tatment of AR wit inidase,
O-Glycanase, or i
altr its electrophqretic under either reducin or
nonreducingconditions. Thus, AR is a sinl-chan lco-
protein containing an Ninked oligacchride chAi(s) that
is not required for the GA of AR i vitro.

Isoelectrofocusing analysis of AR and N-Gycanas-
treated AR was perfored. AR f sed as a single broad
band with a pI of between 7.7 and 8.0, and N-Glycanase-
treated AR focused as a single band with plof 48.1. ThusAR
is a basic single-chain glycoproteinca M iedolig-

Aumha,-Tcr AdA e Add S_ me ofAL A mated
man d of c S AR was PiErford with

385 pm of n .The partial amino~erminal acid s-
quences oftnatedARandofalareriproteincoxg
Adit amino acids at amfin-terminal end are as follows

Truncated AR
1 10 20
VVKPPQDKTESENTSDKPKRKKKGG
Larger AR
1 10 20
SVRVEQVVKPPQDKTESENTS

The of larger AR was found to be m20% dth of
trncate form. Unambiguous i p
hydantoin amino acid d a is w I up to residue

1 2 3 4

_0 . .

25.7-

.44-_ w ~~~~~~~~~~~~~~~~~~~~. ....

18.4-

14.4-^ I

--92 5
-662

0-45 0

OW-310

6-21 5

a l-14.4

FK;. 3. NaDodSO4polyacrylaie gml electap t IClysis
ofAR. A 15% NaDodSOJdpolacrylamidc ge (0.7 mSm x 11cC x
15 cm, Bio-Rad) with a i-_ sbuffer sysn wa eltm-
phorsed at a cosatcurrent of 30 usA asdescrihed. Thc wkes
werem phosphorylas B, bovine serina ad -~ovdmmim ratfl
anydrase, chymotrypsinogn A, soybean bypai b*MW.r p-
lactogloblnlysozymeartunCisnun9.L 1

AR;2,Z N-Glycanase-treated AR; 3, SPEAR;4, N-Gyamase-treaded
SPE-AR. Moleuar weights (x 10-) are sown.

,o A

C:

0
0 , __ _ _
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10

B

O

m.~~~~~~~~~.
0.01 0.1 1 10

Protein (ng/well)

Fuo.4. (A) Dose-respon e curve of AR on the inhibit of
'2l-W1cldIdIxyuuiiaeinidrn af into DNA of A431 ces. (U)
Effet of AR on the stnaaiaof "4a-beled deoxyuridine iacor-
piwcimto DNA Ofhuianorarfixblasts (SS) GSA, growth-

25 for t cated AR and upto resdue 21 for the laWr form
of the protein. There is one I N-ycosylation site
(undrlind) i the above seqnes. It should be noted that
AR the ual sequence Lys-Arg-Lys-Lys-Lys at
positions 19-23 in the tnaed form.
The -l amino acid ofAR was compared with

a in th National al Research Foundation
d base,* Genetic S nce aseJt and European
Molecula Biology Laboraoy DNA Sequence bary.J
These seches did not reveal any substantial sequence
simiariy the aminoterminal amm acid sequence
ofAR and ay other known seqec.

_ 1dFzfpuad AL The inhibition of 25I-Libeled
deoxyuridine Incorpration into DNA of A431 cells by
various LAM e ons of'the p AR is given in Fyg. 4A.
A S09 io ofDNA synthesis was observed at .0.1 ng
perwefl (0.13 nM AR). However, it should be noted that GIA
of the AR de on e i c ions such as
_mner of cells per well (cell density), time of fico
applicat, durationoft t, serum concentration, and
oder v bs.
The st of 1`25I-abeIed deoxyuridine

into DNA of human forarm filasts (SS) by various
concentions of the eAR is shown in Fg. 48. A
2-foki siulation of I- deoxyuridine incorpoation
was een at '0.07 ng/ml (0.09 nM AR). The maximum
re spe was an"old im of 25I-laabel deoxyu-
ridineio into these fibroblasts. Thus, AR acts as
a thfaor for human bobasts even in 5% (vol/vol)
fetal bovine serum.
The effect of AR on theici of25I-labeled

do oyuidine into the DNA of various tunor and nontumor
hman cell lines and some human cell lines was investi-
g . The data ae presented in Table 2. AR inhibited the
growth of various clones of A431 cells, human breast carci-
noma cel HTB 132, human ovary teratocarcinoma cells
HTB 575, human of cervix cells CRL
155, human n a ofovary cells HTB 75, human
nemoblastom cells ErT 10, and human breast
cells HTB 26. It did not exht any si nt effect on
varwus other cells such as human A375, human

f b Z~~fras R,,hmno f
breast MCF-7, human an r na of lung A549, human
ca-inom of colon H3347, human ly dhobLstoid (T cells)
CEM, humanE rr virus-tansformed B cells, hu-
man lc o flarynx Hep 2, bovine feal heart
eIthelialcellCRL 1395, murine BALB/3T3, and min lung

*P~ut~ Iden i Reomuce (19) ProteinSS
(N0tL Bu. 1le1.Found, Washington, DC), Release 15.
1EMBL/Gea~m~ Genetic Sequence Database (1w) GenBank
(InteE~s, Momu~ain View, CA), Tape Release 54.
tEM3L/Ge.DamakGenetic Squnce ltbase (1987) EMBL Nude-
odide Seauee Data LiArY (Eur. Mol. Biol. Lab., H d g)
Tape Release 13.
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Table 2. Effects of AR on the p ation of cells
Activity,

hlctrcell units

Human e e l of vulva A431 125
Huan of breas HTB 132 243
Human ep oidof cervix CRL 1550 28
Humsn papilary mienomma of ovary HTB 75 19
Human of ovary HTB1572 55
lH_ of breast HTB 26 5
Hen b~a HTB 10 12

GSAt
He pimply tow CRL 7386 62

Hemn rcmma of ovary HTB 77 25
Human forearm fibra (SS) 225
Hun forearm fibrobbLst (WHG) 70
Simn African green monkey kidney BSC-1 65
Rat kidney NR.K-A6 45
AR 1125 mits (GIA on A431 cells)J was suspended in 250 gd of

test , serially diluted 1:5 with test medium. Six dilutions were
usedforeach cell. Thef were assayedforgrowth m
activity and the GIA and growth-stimulatory activity (GSA) units

*One GIA unk was defined as the amount offactor needed to inhibit
}Iabeled deoxyuridine icporation into cells by 50%.

tone GSA Amt was defined as the amount of factor required to
increase uq1dbeled deoxyuridine incorporation into cells by 100%.

CCL 64. AR stimulated the incorporation of 1l25-labeled
deoxyuridine into several human fibroblast cell lines, human
pittary tumor cells CRL 7386, human ovarian carcinoma
cells HTB77, African green monkey kidney cells BSC-1, and
rat kidney cells NRK. It should be noted that epidermal
growth factor is known to inhibit the prliferatin of A431
human epidermoid arcinoma cells (33,34), GH4 rat pituitary
tumor cells (35), and certain human breast cancer cells (36)
while siulting the proliferation of a number of cells in
culbure.
Epidermal growth factor or transforming growth factor

typea indue iP growth ofNRKces in
the presence of transforming growth factor type 1 (37). We
found that eirmal growth factor induced anchorage-
indepe-dent growth of NRK cells in a dose-dependent
Merm the presenc oftransfminggrowth factor type 03,

whereas AR was found to be a very weak inducer of colony
ofNRK cells in soft a .

The biologc, biochemical, and physicochemical proper-
ties ofAR described, as well as its amino acid composition
and pari ami acid sequence, therefore, would strongly
sugIst thatAR is a cell growth regulatory peptide and is not
identical to may described growth inhibitory or stimulatory
molecules. AR migt work as an anicancer agent at least for
some tumors, as it inhibits the growth of a number of tumxo
ces in cuure while stlating oiferation ofa variety of

.cells
AR is shed by MCF-7 cells in response toPMA, a powerful

tomnor-promoting agent in vitro as well as an vivo. It is possible
that AR migh be expressed and secreted during early
develomntM of neoplasia thus making it a potential early
morker of cancer. Further studies on the cloning, structure,
tology, exr andr a of the AR ge might
shed liht on physiogcal function of AR. Other growth

modulatory peptides are multifunctional (23). We would
expect the same to be the case for AR.

We thank Ms. PhyllisYoshidaforherassistance in the preparation
of this manuscript.
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